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Molecular Determinants of the Human Zinc Transporter, Hzip4
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Zinc is an essential micronutrient which is required for the function of hun-
dreds of cellular enzymes. In addition, zinc is the second most abundant
transition metal found in biological systems (iron is most abundant). How-
ever, the concentration of free zinc is nano to picomolar since most zinc is
bound to proteins. This makes investigating the mechanism of zinc trans-
port across the plasma membrane a challenge. Our interest has been to elu-
cidate the mechanism of zinc transport mediated by one member of the ZIP
family of proteins. To this end, we have developed a radiometric uptake
assay to study the mechanism of zinc transport. In addition, we have ex-
pressed and purified specific domains of the protein to examine the role
of these domains in zinc coordination and transport. Thus, using a mixture
of biochemical and biophysical techniques, we have begun to describe the
mechanism of zinc transport to gain insight into the function of this
protein.
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The brain helps regulate all of our body’s activities by maintaining a balance
between active and inactive neurons. The majority of transporters involved
in maintaining the brain’s chemical balance can be grouped into a large gene
family SLC6. Part of this family is responsible for transport of serotonin
(SERT), dopamine (DAT), and norepenephrine (NET). The focus of our re-
search is on the human serotonin transporter. The human serotonin transporter
(hSERT) is of particular clinical significance as it is both a common target of
psychostimulants, such as cocaine and MDMA (ecstasy), as well as a target
for serotonin selective reuptake inhibitors (SSRI) used in the treatment of
mood disorders.
In our system, the crucial Na1 site is still present but some focus shifts to the
Cl- site which is in near proximity. The exact function of the Cl- is un-
known, but the human SERT cannot function without it. In our study we
are utilizing mutagenesis, in particular of amino acids Asn101 and Ser336,
to study why that may be. N101 is in close proximity to the ions as well
as the substrate binding site, which makes it a good candidate for an ion co-
ordinating residue. S336 functions as a partner to N101 in maintaining this
chloride dependence. We utilized our wild-type, N101A, and S336C mutants
to observe the coordination of the ions and 5HT. We observed the position-
ing of the ions/5HT in each of the mutants relative to the wild-type. We also
calculated binding energies of each of the ions and the substrate. This will
tell us the effect mutations have on the energetics of binding and coordina-
tion, as well as possible clue as to why selectivity and stoichiometry is
affected.
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tion, Diffusive Properties and Electrochemical Behavior
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Abstract
The high thermal and chemical stability of inorganic-organic composite mem-
branes make them desirable for applications in the environment as well as in
food, pharmaceutical and many other industries. The permeability properties
of inorganic membranes have been explored and their resemblance to biologi-
cal systems has been utilized successfully.
In the present study, a series of chloride salts (NH4Cl, KCl, NaCl and LiCl)
were used to study the effect of counter-ion and co-ion species on membrane
potential, measured across polystyrene based tungstate and carbonate mem-
branes of nickel. The measurements had been carried out in order to evaluate
the transport number of ions, mobility ratio, distribution co-efficient and perm-
selectivity. The fixed charge densities of the membranes were calculated using
Kobatake method. The two limiting forms of Kobatake’s equation were used to
evaluate various membrane parameters and the theoretical potentials calculated
using this equation were compared with the experimental values and founda good accord between them which proved the applicability of the derived re-
lationship to the membrane system. The thermodynamically effective fixed
charge densities for the salt electrolytes used were found to be in the order
LiCl > NH4Cl > KCl > NaCl for the tungstate membrane; while in case of
the carbonate membrane, the order is KCl > NaCl > LiCl. The membranes
are found to be negatively charged i.e. cation-selective and the selectivity in-
creases with dilution.
The physico-chemical characterization of the organic-inorganic hybrids was
carried out by using X-ray diffraction (XRD), Fourier transformed infrared
(FTIR) spectroscopy and Scanning electron microscope (SEM) studies.2667-Pos Board B437
SecA alone can Promote Protein Translocation and Ion-Channel Activity:
SecYEG Increases Efficiency and Specificity
Ying-Hsin Hsieh.
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SecA is an essential component of Sec translocase through which unfolded pre-
proteins cross bacterial cytoplasmic membranes. The current prevailing view
depicts SecYEG as the essential core of the protein-conducting channel, while
SecA is the peripheral subunit that functions as an ATPase to drive the peptide
chain through the SecYEG channel. In a major deviation, we now find that
SecA with liposomes alone can promote protein translocation, and can elicit
ion-channel activity in the oocyte whole cell recordings and in patch clamp sin-
gle channel recordings. We previously reported that SecA forms ring-like pore
structures upon binding with anionic phospholipids, providing the biophysical
basis of SecA-liposomes channel activities. Further studies show that SecA-
liposomes are less efficient and lose signal peptide recognition specificity, re-
sembling PrlA suppressor mutants. Addition of purified SecYEG in the
SecA-liposomes system restores the efficiency and the signal peptide specific-
ity in ion-channel activity and in translocation of proOmpA and ProPhoA. Our
data indicate that there is a protein-conducting channel in which SecA plays an
important structural role as the core of the channel. Using N-terminal SecA de-
letion truncated domains of 901 residues SecA and liposomes in the oocytes re-
cordings, we identify two critical SecA domains for the formation of pore
channel activity: with phospholipids alone, and for higher activity with
SecYEG. The N-terminal region located on amino acid residues #668-828 is
required for interaction with liposomes, and #640-649 for interaction with
SecYEG, to form functional channels. In a domain reconstitution system,
two fragments, N-SecA1-640 and C-SecA610-901 together interact with lipo-
somes to promote channel activity in oocytes. Our findings establish that
SecA forms channel with liposomes, and SecA domains can be identified for
intramolecular interaction and with SecYEG for electrophysiological channel
activity.2668-Pos Board B438
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Molecular translocation through the outer membrane of Gram-negative bac-
teria is a key step in achieving antibiotic exposure and efficacy at intracel-
lular targets. Understanding molecular translocation mechanisms is
a prerequisite to the rational design of advanced antibiotics aimed at the
treatment of resistant, as well as currently untreatable organisms. The outer
membrane of Gram-negative bacteria such as E. coli, contain a large num-
ber of channels falling under the broad family of b-barrel membrane-bound
porin proteins. Antibiotic penetration has been attributed to such channels.
Translocation kinetics measured using electrophysiology was reported for
six cephalosporin and fluoroquinolone antibiotic drugs through the E. coli
porin OmpC. We previously hypothesized that the rates of association
and dissociation between solute partners are determined by the energetic
costs of transferring solvent to and from protein surfaces and bulk solvent
during binding, respectively. We set about to test whether the measured ki-
netics of antibiotic translocation could be explained by the solvation prop-
erties of the antibiotic conduction pathway calculated using WaterMap. The
results suggest that intra-channel solvation is highly stable relative to bulk
water, and as such, the observed rapid entry of substrates requires
524a Tuesday, February 28, 2012replacement of water donor/acceptor H-bonds. The lack of unstable solva-
tion is consistent with the observed rapid exit of OmpC substrates. We
docked the six antibiotics into the crystal structure of porin OmpC, and
compared the overlay between those molecules and the calculated solvation
map. The results suggest that rapid OmpC translocation is limited to sub-
strates with exposed polar groups capable of replacing several simultaneous
water-protein and water-water H-bonds. This is consistent with the known
physico-chemical properties of the majority of Gram-negative antibiotics,
and in particular, the hydrophilic nature of these molecules.
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Polyene antimicotics have been the most effective drug for more than five
decades, and at the same time their mechanism of action is one of the
most discussed biological processes. Understanding the molecular mode of
action is essential not only for advancing our knowledge of transmembrane
transport but also in the search for new derivatives with lower toxicity. Re-
cently, two articles have stated that the mechanism of action of Amphoter-
icine B has been resolved, proposing that the direct interaction of AmB with
the sterols is responsible for selectivity towards fungal membranes (PNAS
1015023108, JACS 132,18266,2010). In our group, we have been advancing
the idea that membrane structure is responsible for the drug selectivity, and
two of our recent articles have demonstrated a strong correlation between the
phase diagram of the lipidic membrane and the action of Nystatine (J.
Memb. Biol. 2010,237,41-49 and 31-40). In order to continue the search
for understanding the molecular mechanism of action, we performed an
study of the activity of Amphotericine along a the phase diagram of ternary
and quaternary mixtures of DSPC/DOPC/POPC/Chol that have shown to
produce nano and microdomains in different parts of the phase diagram (Ko-
nyakhina et al., Biophy J, 101, L08-L10, 2011). We found again a strong
correlation between membrane structure and polyene activity. Given the
presence of different membrane domains, different levels of activity have
been found in the formation of ionic channels with the patch-clamp
technique.
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Liþ interacts with the Naþ/Cl--dependent GABA transporter, GAT-1 under
two conditions: in the absence of Naþ it induces a voltage gated leak current;
and in the presence of Naþ and GABA, Liþ increases the apparent Naþ af-
finity (MacAulay et al. J Physiol. 2002, Kanner JBC, 2003). The amino acids
directly involved in the interaction with the Naþ and Liþ ions in the so
called ‘‘Na2 binding site’’ have been identified (Zhou et al. JBC 2006),
but how Liþ affects the kinetics of GABA cotransporthas not yet been ex-
plored. We expressed GAT-1 in Xenopus oocytes and applied two-
electrode voltage clamp and 22Na uptake assays to determine coupling ratios
and steady-state and presteady-state kinetics under experimental conditions
in which extracellular Naþ was partially substituted by Liþ. The three major
findings were: i) Liþ reduced the coupling ratio between Naþ and ‘‘net
charge’’ translocated during GABA cotransport, ii) Liþ increased the appar-
ent Naþ affinity without changing its voltage dependence, iii) Liþ altered the
voltage dependence and time course of cation-interactions in the absence of
GABA. These findings have allowed us to dissect the kinetics of the two
Naþ binding sites. We propose an ordered binding scheme for cotransport
in which either a Naþ or Liþ ion can bind at the putative first cation binding
site (Na2). This is followed by the cooperative binding of the second Naþ
ion (Na1 binding site) and then GABA. With Liþ bound in the first ‘‘low
affinity’’ binding site, the second Naþ ion is more readily bound to the pro-
tein, and despite a lower GABA affinity, the translocation rate of the fully
loaded carrier is not reduced. Model simulations confirmed that a sequential
cation binding scheme was most appropriate to fully describe the experimen-
tal data.2671-Pos Board B441
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Cellular import of nuclease colicins through the outer membrane utilizes the
OmpF porin; crystal structures imply that a disordered N-terminal segment ini-
tiates insertion1,2. Colicin E1 utilizes the drug export protein, TolC.
Recombinant colicin pep-
tides spanning the N-
terminal translocation and
receptor-binding domains
were used to define TolC-
binding site(s). Far-UV CD
spectra showed that the
N-terminal 40 residue seg-
ment lacks ordered second-
ary structure, while
near-UV spectra imply tight
packing around aromatic res-
idues. Peptide ‘41-190’ is he-
lical (78%). High helix content and significant cooperativity of melting of
receptor(BtuB)-bindingdomain implies a coiled-coil conformation.Bindingofco-
licinN-terminal peptides to TolCwas tested using size-exclusion chromatography
and occlusion of TolC channels3. The ‘41-190’ peptide co-eluted with TolC,
whereas ‘1-81’ peptide and TolC eluted separately. Channel activity was assayed
with TolC reconstituted into planar bilayers. While the ‘41-190’ peptide caused
closure of TolC channels, the ‘1-40’ and ‘1-81’ peptides did not occlude. Peptides
’82-140’ and ‘141-190’ were active in TolC channel closure, although less effi-
ciently than peptide ’41-190’ [NIH GM18457; Henry Koffler Professorship].
1EMBO J., 27, 2171-2180, 2008;
2PNAS, 107, 21412-21417, 2010;
3Biophys. J., 87, 3901-3911, 2004.
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The NMDA-type of ionotropic glutamate receptors (iGluRs) are involved in ex-
citatory transmission in the mammalian brain and in a range of neurological and
psychiatric diseases for which NMDA receptors are considered potential ther-
apeutic drug targets. The majority of NMDA receptor subtypes are comprised
of two glycine-binding GluN1 subunits and two glutamate-binding GluN2 sub-
units (NR2A-D); leading to the existence of four major receptor subtypes with
distinct expression patterns and functional properties: GluN1/2A, GluN1/2B,
GluN1/2C, and GluN1/2D. While the GluN1/2B subtype can be selectively in-
hibited by the highly subtype-selective non-competitive antagonist ifenprodile,
the lack of inhibitors with similar subtype selectivity for the GluN1/2A, GluN1/
2C, and GluN1/2D receptors is a limitation in studies exploring the role of these
subtypes in many aspects of brain function and disease.
Polyamine toxins isolated from the venom of spiders are open-channel blockers
of ion channels, in particular iGluRs. Argiotoxin-636 (ArgTX-636) isolated
from the venom of the orb weaver spider Argiope lobata consists of an aromatic
amino acid head-group coupled to a polyamine tail. ArgTX-636 is a potent inhib-
itor of mammalian iGluRs; presumably by binding to the ion channel region in
a use- and voltage-dependent manner that prevents ion conduction.We have re-
cently shown1 that modifications within the polyamine tail of ArgTX-636 can
control selectivity between the NMDA- and the AMPA-type of iGluRs (1). Fur-
ther exploration of the analog lead-structures have recently developed a series of
analogs of the spider toxin Argiotoxin-636 (ArgTX-636), which display robust
selectivity towards GluN1/2A and GluN1/2B over GluN1/2C, and GluN1/2D
subtypes of NMDA receptors. In this study we have explorer the molecular de-
terminants for subtype-selectivity of the novel analogsArgTX-48 andArgTX-75
within the NMDA receptor ion channel using electrophysiological characteriza-
tion of chimeric and mutant GluN1/2A and GluN1/2D NMDA receptors.
